AbstrAct. Education and participation in leisure activities appear to be highly relevant variables in Alzheimer's disease (AD) and usually form the basis of the Cognitive Reserve construct. Objective: [A] To determine the association between education, cognitive and functional ability of AD patients; [B] To determine the association between participation in leisure activities and cognitive and functional ability of AD patients; [C] To evaluate the association of education and participation in leisure activities in the course of AD. Methods: Functional and neuropsychological abilities of 120 outpatients with probable AD were evaluated at baseline, at 36 and 54 months. Data collected at baseline included socio-demographics, clinical variables, education and frequency of participation in leisure activities throughout life. All participants and/or caregivers answered the questionnaire, "Participation in leisure activities throughout life" while patients completed the MMSE, the Clinical Dementia Rating scale, neuropsychological tests from the Lisbon Screening for Dementia Assessment, Barthel Index and Lawton and Brody's Index. Results: AD patients with higher levels of education achieved better results on cognitive tests. The participants with higher participation in leisure activities exhibited better results on cognitive and functional tests than those with lower participation. The disease progression was linear and progressed similarly regardless of the level of education of participants. However, the results suggest a slower disease progression in patients with a higher level of participation in leisure activities throughout their lives. Conclusion: AD patients with high education and high participation in leisure activities may benefit from a slower cognitive and functional decline after diagnosis of AD. Key words: aging; Alzheimer's disease; education; leisure activities.
Sobral M, Paúl C introduction I n the last few decades there has been an increase in the Portuguese elderly population. According to the 2011 Census, 19.1% of the population is over 65 years of age. 1 At present, the Aging Index is 129, which means that for every 100 young people (population aged between 0-14 years) there are 129 elderly. 1 The risk of dementia rises exponentially with age. [2] [3] [4] However, studies have suggested that the prevalence of dementia increases exponentially up to 80 to 85 years, remaining stable or declining thereafter. 5, 6 Alzheimer's disease (AD) is the most common cause of dementia among elderly persons 3, [7] [8] [9] and is a progressive neurodegenerative disorder that is characterized by deterioration of cognitive and functional abilities and by a number of neuropsychiatric and behavioral symptoms. By contrast, in Japan and China Vascular Dementia accounts for almost 50% of all dementias. 10, 11 Cognitive Reserve (CR) is a hypothetical construct that has been used to explain cognitive aging 12 and describes the capacity of the adult brain to tolerate the effects of this neurodegenerative process and to minimize the clinical manifestation of the pathology of dementia, and is probably the result of innate intelligence or life experience. 12, 13 The CR hypothesis suggests that individual differences in the ability to cope with AD pathology [12] [13] [14] are consistent with the prediction that people with more reserve can cope with advancing AD pathology longer before it is expressed clinically. 13, 15 Reserve may explain why there is not a perfect relationship between brain pathology observed post-mortem and the severity of clinical conditions such as AD. 12 Variables pertaining to lifetime experience (education, occupational attainment and leisure activities) are the most commonly used proxies for CR and help retain cognitive function in old age.
Concerning the relationships between education, work, hobbies and dementia, there is a line of research that indicates that individuals with higher education, occupational attainment or participation in leisure activities have a lower risk of developing dementia. 13, [16] [17] [18] [19] [20] [21] [22] Recently, Cindy Stern and Zachary Munn 21 revealed evidence suggesting that active participation in cognitive leisure during mid or late life may be beneficial in preventing the risk of AD and other dementia in the elderly. Nevertheless, these authors showed that evidence is currently not strong enough to infer a direct causal relationship. Another line of research found no association between education and incident dementia 23, 24 and no association between occupation and incident AD in several population-based longitudinal studies. 25, 26 Research also explores the hypothesis that CR may introduce differences in the clinical course of AD. 27 Some studies have shown that AD patients with higher education have more rapid cognitive decline 15, 28 than those with lower education, because at any level of clinical severity, the underlying progression is more advanced in patients with greater CR. 13, 15 Le Carret and colleagues 29 confirmed that some cognitive processes, such as abstract thinking, decline more rapidly in AD patients with high education, whereas others seem to evolve more slowly compared to AD patients with low education. Research has indicated that high participation in leisure activities is associated with more rapid cognitive decline than those with lower participation in leisure activities. 30 On the contrary Fritsch and colleagues 31 concluded that education slows the rate of cognitive decline in individuals with AD. Treiber 32 proved that increased engagement in cognitive leisure activities throughout late life was associated with slower deterioration in general cognitive ability in mild dementia, but its effects were no longer evident in more severe AD. Other studies have found no relationship between education and cognitive decline in the clinical course of AD. 33, 34 The results of studies regarding the association of education and participation in leisure activities and rates of cognitive decline seem to support CR, but the impact of this association on clinical outcomes remains unclear, 27 namely the potential effect of CR on the course of AD.
The aims of this work were: [1] to determine the association between education and cognitive and functional ability of AD patients; [2] to determine the association between participation in leisure activities throughout life and cognitive and functional ability of AD patients; [3] to evaluate the association of education and participation in leisure activities throughout life in the course of AD. mEthods participants. This study included 120 outpatients diagnosed with probable AD, recruited at a psychiatric hospital from its psychogeriatrics service. The Psychogeriatrics Service is designed to follow-up of patients with dementia, using an integrated multidisciplinary approach to diagnosing and managing dementia. Physical, neurological, neuropsychological and psychiatric examinations, neuroimaging and additional tests, including blood tests were used to distinguish between the various types of dementia. All patients fulfilled the criteria of both the Diagnostic and Statistical Manual of Mental Disorders, 4 th edition, 35 and the National In-stitute for Neurological and Communicating Disorders and Stroke/AD and Related Disorders Association 36 for probable AD. All participants were free of severe medical conditions other than those pertinent to the study. Normal or corrected levels of hearing and vision acuity were also ensured.
Assessment instruments. Data on participation in leisure activities was obtained from the questionnaire, "Participation in leisure activities throughout life", answered by the patient participants or/and their caregiver. The evaluation commenced by discriminating current and past activities. The present results show only activities undertaken by patients throughout life. The caregivers were asked to confirm the information about patient participation in leisure activities throughout life because low current participation in leisure activities of patients may be a consequence of cognitive decline. This tool included mental activities (reading books/ newspapers, jigsaw puzzles), physical activities (walking or other sport), social activities (playing cards/board games, visiting friends or relatives), productive activities (housekeeping, babysitting, gardening, crocheting) and recreational activities (listening to the radio, watching television). Subjects reported the frequency of participation in leisure activities throughout life as "daily", "several days per week", "once a week", "two or three days per month", "monthly", or "never or less than once a month". Participants were asked if they regularly engaged in any other particular activities, to specify which types of activities and to report the frequency of participation in leisure activities throughout life. The instrument had a total score and classified respondents into three categories (low, medium and high participation in leisure activities throughout life). The questionnaire "participation in leisure activities throughout life", has 17 questions and for each question subjects received 5 points for "daily", 4 points for "several days per week", 3 points for "once a week", 2 points for "two or three days per month", 1 point for "monthly" and 0 points for "never or less than once a month". Total score ranges from 0 to 85 points. Subjects were classified as having low participation in leisure activities if they scored below 20, medium for scores between 20 and 25 and high for scores higher than 25.
All participants were administered the Mini-Mental State Examination (MMSE) 37 for cognitive screening, as well as the Clinical Dementia Rating (CDR) scale 38 which classifies dementia under 3 stages of severity as a function of overall cognitive and functional impairment. The Portuguese version of the MMSE from Guerreiro et al. 39 was applied. The normative cut-off education-adjusted values for the Portuguese population were used. 39 Subjects were expected to score above 27 for >11 years of education, ≤22 for 1-11 years of education or ≤15 if they were illiterate. The CDR determines the impairment associated to dementia, through parameters such as memory, orientation, judgment and problem solving, community affairs, home and hobbies and personal care. The overall CDR score is obtained by a standard algorithm to stage the patient's level of impairment: 0, no impairment; 0.5, very mild impairment; 1, mild dementia; 2, moderate dementia; and 3, severe dementia. The scale is administered to both patient and informant through a semi-structured interview.
AD patients were also assessed with the Lisbon Battery for Assessment of Dementia (BLAD), 40 aimed at evaluating cognitive abilities within the realm of language (understanding of simple instructions, writing, object naming and identification), orienting, calculating, memory, attention, executive function, motor and grapho-motor initiative, and visuospatial ability.
Functional abilities were assessed with two activities of daily living scales: Barthel's Index, addressing basic activities of daily living such as grooming, eating, bathing, dressing, and mobility, along with Lawton and Brody's Index, targeting instrumental activities (e.g. managing money, using the telephone). The Barthel Index has a total possible score ranging from 0 to 100 (fully independent) whereas Lawton and Brody's Index has a total possible scores ranging from 8 (independent) to 30 (completely dependent). Socioeconomic status was evaluated according to the Graffar Index. 41 procedure and statistical design. Data collected at baseline comprised socio-demographic and clinical variables including age, gender, marital status, retirement status and variables used to represent CR (educational level and frequency of participation in leisure activities). Each participant underwent a standard evaluation, including medical history, physical examination, laboratory tests and a neuro-imaging scan (computed axial tomography). All AD patients were evaluated with the MMSE and CDR for recruitment at the first consultation of multidisciplinary assessment. All patients were submitted to a functional and neuropsychological evaluation. Functional and neuropsychological abilities of patients were revaluated at 36 and 54 Specific neuropsychological domains were examined including memory, language, attention, visuospatial ability and executive functioning. At follow-up1, 0% (n=0) of the initial sample dropped out of the study, but after 54 months, Sobral M, Paúl C 26.66% (n=32) of the initial sample had dropped out. The drop-outs were due to refusal and to deaths in the course of 54 months.
In this study, two variables were hypothesized to represent the CR construct at baseline: education (as defined in terms of level of educational attainment) and frequency of participation in leisure activities (as defined in terms of low, medium and high leisure activities). General exploratory analyses were conducted to determine sample characteristics. The t-tests were used to compare neuropsychological and functional measures between baseline, follow-up 1 (F1) and follow-up 2 (F2). Pearson's correlations were used to examine the association between education and leisure activities, the association between education level and social class, and the association between leisure activities and social class.
An ANOVA mixed effects model was employed to study the effects of age at baseline, gender, CR measured by education (with 4 levels: illiterate (cannot read or write), reading and writing (read and write, but without formal education or with 1-3 years of education), 4 years (4 years of education) and ">4 years" (more than 4 years of education), and participation in leisure activities (with 3 levels: low, medium and high), on neuropsychological performance at baseline, at 36 and 54 months. A complementary set analysis was conducted using the disease progression index to examine the influence of CR on cognitive and functional decline over 36 (3 years) and 54 months (4.5 years). The disease progression index (DPI) was calculated for 3 years and for 4.5 years. The cognitive DPI was calculated as the difference between cognitive scores at baseline and F1 after 3 years, and between baseline and F2 after 4.5 years. The functional DPI was calculated as the difference between functional scores at baseline and F1 after 3 years, and between baseline and F2 after 4.5 years.
Statistical analyses were conducted using the Statistical Package for Social Sciences version 18.0 (SPSS).
rEsults
For the present analyses, data from 120 patients with dementia at baseline was used: baseline mean age of the population was 78.15 (SD 6.69 years) and educational level was 4 years. Males and females differed significantly in level of education (5.92 years for males; 3.07 years for females; t=4.491 p<.001). At baseline, 86.7% were classified as CDR=1 (mild dementia) and 13.3% as CDR=2 (moderate dementia). After 36 months 45% were classified as CDR=1, 43.3% as CDR=2 and 11.7% as CDR=3. After 54 months 36.4% were classified as CDR=1, 42% as CDR=2 and 21.6% as CDR=3 (severe de- mentia). Table 1 shows the baseline sociodemographic and clinical characteristics of AD participants. The neuropsychological test mean scores and functional scores at baseline were compared with those collected at 36 months and at 54 months in AD patients. Tests revealed a significant decline in MMSE score (p<.001), verbal memory with interference (BLAD), digit span (BLAD), proverbs (BLAD), information (BLAD), calculation (BLAD), orientation (BLAD), motor initiative and language (repetition of words) (BLAD) between scores at baseline and F1 and also between scores at F1 and F2. Statistically significant difference between baseline and F1 were observed in functional status, Barthel's Index (p<.001) and Lawton and Brody's Index (p<.001) and between F1 and F2. There was a significant decline in cognitive and functional performance over time across all domains. Data analysis showed cognitive and functional decline over the 54-month period. The results of this study are in agreement with knowledge about AD, a disease characterized by progressive cognitive deterioration, together with declining activities of daily living.
Pearson's correlation (r=.316) was significant at the .01 level (2-tailed) between education and participation in leisure activities. Positive correlations were found between educational level and socioeconomic class and between leisure activities and socioeconomic class.
According to the ANOVA mixed effects model for disease progression, as measured by the MMSE, there was no significant difference between men and women (p=.428) or across the age span (p=.725) on cognitive performance.
Education. Figure 1 shows the patterns of MMSE obtained for different educational levels.
The "> 4 years" group (more than 4 years of education) obtained the highest scores on the MMSE. The AD patients with higher levels of education achieved better results on the MMSE. The participants with higher educational levels had higher scores on cognitive tests than elderly with lower educational levels.
The mean Barthel Index of participants with "<4 years" group (less than 4 years of education) at baseline was 96.25 and with ">4 years" group was 99.55, whereas the mean Barthel Index of AD patients with "<4 years" group at F2 was 83.29 and with ">4 years" group was 84.12. The mean Lawton and Brody Index of participants with "<4 years" group at baseline was 16.91 and with ">4 years" group was 18.14, while the Lawton and Brody's Index mean scores of participants with "<4 years" group at baseline versus F2 was 16.91/23.78 and with ">4 years" group was 18.05/25.65.
Pearson's correlation was significant at the .01 level According to the ANOVA mixed effects model for disease progression, as measured by the MMSE, there was no significant difference between educational level (with 4 levels: illiterate, reading and writing, 4 years and ">4 years") (p=.338) on cognitive performance. The participants with greater years of education did not decline at significantly faster than individuals with fewer years of education. The ">4 years" group had a DPI, assessed with the MMSE, of 0.91 (36 months) and 0.99 (54 months). The "=4 years" group (4 years of education), assessed with the MMSE, had a DPI of 1.31 (36 months) and 1.32 (54 months). The "<4 years" group, assessed with the MMSE, had a DPI of 1.03 (36 months) and 0.84 (54 months). In this study, results of disease progression were found to be very similar for all levels of education. participation in leisure activities. In this study, 68.3% of the participants had low participation in leisure activities throughout their lives, 20.8% medium and 10.8% high participation. At baseline, for the "low leisure activities" group, 82.92% of patients were classified as CDR=1 and 17% as CDR=2. In the "medium leisure activities" group, 92% of individuals were classified as CDR=1 and 8% as CDR=2. In the "high leisure activities" group, 100% of individual were classified as CDR=1. At 36 months in the "low leisure activities" group, 36.58% of individuals were classified as CDR=1, 47.56% as CDR=2 and 15.85% as CDR=3. In the "medium leisure activities" group, 52% Low leisure activities Medium leisure activities High leisure activities of participants were classified as CDR=1, 44% as CDR=2 and 4% as CDR=3. In the "high leisure activities" group, 84.61% of elderly participants were classified as CDR=1 and 5.38% as CDR=2. At 54 months in the "low leisure activities" group, 28.84% of participants were classified as CDR=1, 42.3% as CDR=2 and 28.84% as CDR=3. In the "medium leisure activities" group, 37.5% of individuals were classified as CDR=1, 50% as CDR=2 and 12.5% as CDR=3. In the "high leisure activities" group, 66.66% of participants were classified as CDR=1, 25% as CDR=2 and 8.33% as CDR=3.
Pearson's correlation was significant at the .01 level (2-tailed) between participation in leisure activities and MMSE (at baseline, F1 and F2), but was not correlated with the functional scales. Figure 2 shows that the participants with higher participation in leisure activities exhibited better results on cognitive and functional tests than those with lower participation in leisure activities throughout life. The cognitive and functional decline appears to be more gradual for high participation in leisure activities.
According to the ANOVA mixed effects model for disease progression, as measured by the MMSE, a significant difference was found between participation in leisure activities (low, medium and high) (p=0.012) and cognitive performance. The participants with high scores for participation in leisure activities, declined (global cognitive) at a significantly slower rate than participants with low scores. At F1, the average difference in rate of decline, DPI, on the MMSE, for high versus low leisure activities was 0.15/1.25 and at F2 was 0.24/1.34. The functional decline was found to be more gradual for high leisure activities group. On average, the difference in rate of decline, DPI, on the Barthel Index for high versus low leisure activities at 36 months was 1.02/3.45 and at 54 months was 1.76/3.31. These results suggest a slower disease progression for patients with a higher level of participation in leisure activities.
discussion
Our first objective was to determine the association between education and cognitive and functional ability of AD patients, and this study showed that AD patients with higher levels of education achieved better results on cognitive tests and better mean scores on Barthel's Index, but not reaching statistically significance at baseline. In Portugal, most of the old people have a low level of education. In 2010, 34.81% of the resident population aged 65 years and over did not have education beyond the fourth year of school and 46.94% of the resident population aged 65 years and over had 4 years of education. 42 In this study, the participants had an average level of education of 4 years and only 18 patients had more than 4 years of education. Many of the participants may not have achieved a level of higher education, regardless of their intelligence, for socio-economic reasons. In normal aging, it is generally accepted that greater education is associated with better cognitive test performance in older adults. Aevarsson and Skoog 43 showed that higher education was related to higher scores on the MMSE at age 85 while other authors 44 showed that low education was associated with poor cognitive performance. Albert and colleagues 45 found that persons with higher education attainment exhibit less cognitive decline with advancing age. Our findings are consistent with several studies showing that persons with higher education perform better on cognitive tests than less educated individuals. 46 Our second objective was to determine the association between participation in leisure activities throughout life and cognitive and functional ability of AD patients, and we observed that the elderly participants with higher participation in leisure activities exhibited better results on cognitive and functional tests than those with lower participation in leisure activities throughout life. Many studies have investigated the association between level of participation in activities and performance on cognitive tests in healthy adults. 13, 47 High participation in leisure activities has also been associated with better outcomes on cognitive tests. Scarmeas and colleagues 16 proved that subjects with better baseline cognitive performance had higher leisure activity scores. Our results confirmed findings of a previous research study 22 demonstrating that leisure activities (social, mental, and physical) were beneficial to cognition and also support another study 48 reporting that cognitive stimulation with leisure activities had a positive association with cognitive and functional abilities of AD patients. Leisure activities can be broadly divided into cognitive and physical activities and some studies 16, 49 have included participation in cognitive and physical leisure activities since both contribute positively. This study included participation either in cognitive or physical leisure activities, where both activities were significantly correlated in this research.
Our third objective was to evaluate the association of education and participation in leisure activities throughout life in the course of AD. Results showed slower disease progression for AD patients that had a higher level of participation in leisure activities. The low education together with low level of participation in the present sample may hinder our results because most participants shared the same status of low educational level. The intellectual challenges experienced during life, accumulate reserve and allow cognitive function to be maintained in old age. 50 CR has been conceptualized as a dynamic construct. Researchers have suggested that variables that reflect lifetime experiences, education and participation in leisure activities, were proxies of CR and can help to mitigate the impact of pathology on the clinical expression of dementia. Numerous studies have indicated that CR (education and participation in leisure activities) delay the onset of dementia, [16] [17] [18] [19] but that after onset, CR is linked to more rapid progression. 15, 30 Nevertheless, a few other studies have shown that high education slows the rate of cognitive decline in persons with dementia 31 and that high participation in leisure activities is associated with slower deterioration in general cognitive ability. 32, 48 Several studies have failed to find any relation between education and cognitive decline in dementia. 33 In line with our results, Treiber 32 proved that increased engagement in cognitive leisure activities throughout late life was associated with slower deterioration in general cognitive ability in mild dementia whereas Katzman and colleagues 33 found no relationship between education and cognitive decline in the clinical course of AD.
The main limitation of this study was the small sample size where the number of participants did not allow stratification by severity of disease for analysis of the progression of each stage of dementia; the drop-outs at follow-up affected the conclusion. Nevertheless, because of the potential value of the results they should be considered for future research.
In conclusion, considering our objectives of determining the association between education and participation in leisure activities and cognitive and functional results of AD patients, this study showed that AD patients with higher levels of education achieved better results on cognitive tests. The elderly participants with higher participation in leisure activities exhibited better results on cognitive and functional tests than those with lower participation in leisure activities throughout life.
Concerning the last aim of this study, namely, to evaluate the association of education and participation in leisure activities in the course of AD, data analysis showed a cognitive and functional decline during the 54-month period. The disease progression was linear and progressed similarly regardless of the level of education of participants. However, it should be reiterated that most of the elderly participants had a low level of education. The participants had an average level of 4 years' education. This work showed that high participation in leisure activities and high education were not associated with a more rapid cognitive decline compared with lower participation in leisure activities and lower education. The results suggest slower disease progression for patients with a higher level of participation in leisure activities throughout their lives. AD patients with high education and high participation in leisure activities may gain benefits after diagnosis of AD, through slowing of cognitive and functional decline.
Future studies could follow a sample of elderly patients with more years of education (≥ 11 years) to track disease progress.
rEfErEncEs

